W hen a patient presents to the emergency department or trauma bay with brisk, pulsatile bleeding around the wrist or forearm, initial responders have the tendency to expect immediate operative intervention for hemostasis or arterial repair. Although this is the preferred treatment in limbs that are not perfused, there is little evidence in the literature regarding the management of well-perfused limbs with single artery injuries, including the timing of definitive exploration and possible repair. This type of injury pattern warrants surgical exploration for other associated injuries, such as nerves and tendons, which can be done electively. The arterial injury frequently forces care providers to emergently take patients to the operating room (OR).
The purpose of this study was to evaluate the clinical outcomes of patients who sustained forearm arterial injury with respect to the time to definitive exploration and repair of injured structures. The authors hypothesized that patients with a single arterial injury and a well-perfused distal upper extremity at presentation who had their definitive exploration and arterial repair semiurgently (more than 6 hours from the time of presentation) had similar outcomes to patients who were treated emergently (within 6 hours).
Materials and Methods
After institutional review board approval, a retrospective chart review was performed to identify all patients who were treated for either radial or ulnar artery repair using Current Procedural Terminology (CPT) code 35206 and International Classification of Diseases, Ninth Revision (ICD-9) codes 903.3 (ulnar artery) and 903.2 (radial artery) over a 5-year period. All patients were treated by hand surgery fellowship-trained orthopedic and plastic surgeons at a Level I trauma center and its referring outpatient centers. Inclusion criteria were (1) a single vessel injury at the volar forearm with a well-perfused distal limb on presentation, (2) no evidence of hemodynamic instability as measured by consistent systolic blood pressure measurements above 90 mm Hg, and (3) hemostasis achieved within 15 minutes of initiation of manual pressure dressing. Exclusion criteria were (1) a 2-vessel injury, (2) injuries elsewhere in the body that necessitated a trip to the OR within 6 hours of presentation, and (3) follow-up of less than 1 year.
Arterial patency at follow-up was determined by physical examination. Postoperative cold intolerance was determined by the patient's subjective reporting. The short version of the Disabilities of the Arm, Shoulder and Hand outcome measure (quickDASH) was obtained at follow-up or via phone interview. Patient demographics and data from the emergency room triage record and OR records were collected for data analysis. The authors' institution's emergency department intake time and entry time into the OR were used to assign the patients to either group 1 (within 6 hours to OR) or group 2 (greater than 6 hours to OR).
At the authors' institution, to add on an operative case requires the classification of case urgency. The NOW category necessitates that an OR be made available immediately. A HOT emergency needs the first available OR within 2 hours. A HOT case converts to a NOW case in 1.5 hours. The COLD emergency must start within 6 hours and preempts that service's cases. A COLD case converts to a HOT case in 4 hours. An URGENT case must be done within the day, and converts to a COLD case at 18:00. ELECTIVE procedures are done on a space-available basis. The addon classification policy represents how each case was perceived by practitioners and accepted by the OR administrative staff, not necessarily the exact timing of how the cases were handled.
Fisher's exact test was used to compare the categorical variables, and MannWhitney U test was used to compare continuous variables. Post-hoc power analysis was performed.
results
Of the 26 included patients, group 1 comprised 17 patients who were taken to the OR within 6 hours (average, 2 hours), and group 2 comprised 9 patients who were taken to the OR in a delayed fashion (average, 38 hours; range, 6-128 hours) after careful monitoring of hemodynamic status (Tables 1-2) . All patients had their arterial injury primarily repaired. Minimum follow-up in both groups was 13 months (group 1 average, 47.2 months; group 2 average, 54.4 months; P=.54). Average quickDASH score was 24.5 and 14.1 for groups 1 and 2, respectively (P=.17). Four of 17 patients in group 1 reported cold intolerance (2 ulnar artery repairs and 2 radial artery repairs with palpable pulses at latest follow-up) compared with no patients in group 2. In group 1, there were 8 radial artery injuries and 9 ulnar artery injuries. In group 2, there were 5 radial artery injuries and 4 ulnar artery injuries. All patients had a minimum of one other associated injury (eg, flexor tendon, median nerve, and/or ulnar nerve injury), and there was no difference between groups 1 and 2 in terms of the number of tendon and/or nerve injuries ( Tables 1-2 ). All patients demonstrated palpable pulses of the repaired artery at their latest follow-up. There was no difference in patient-reported outcomes and functional outcome between patients with nerve injuries and those without. All arteries were primarily repaired without the use of an interposition graft. All patients spent 3 days in the hospital, except for 2 patients in group 2. One of the patients spent one night as an inpatient and was discharged per patient request to be operated on at the outpatient surgery center the next day. The other patient was discharged from the emergency department and was added on to the OR schedule as an elective schedule on clinic follow-up. Average OR time for group 1 was 2.8 hours, compared with 1.7 hours for group 2 (P<.01).
All 17 patients in group 1 who were taken to the OR within 6 hours were added on as either NOW or HOT cases. At the time when these cases were in the OR, there were other add-on cases with at least COLD emergency categories in all but 4 instances. Of those 13 instances, there were 3 situations in which 2 or more cases with NOW or HOT designation waited for OR rooms.
Based on post-hoc power analysis with alpha error at 5% and beta error at 20%, 99 patients would be needed to detect a significant difference in quickDASH scores.
discussion
Although the current study is underpowered to show significant differences in quickDASH scores, the authors' data demonstrate that, with careful monitoring, patients who had semiurgent exploration and arterial repair with tendon and/or nerve repair had quickDASH scores and cold intolerance comparable with patients taken to the OR urgently. Further, the study's data demonstrated a significant difference in terms of operative time between patients taken to the OR emergently vs semiurgently. The authors are able to achieve hemostasis with well-executed manual compres- sions to the noncritical arterial bleeding of a distally well-perfused forearm within 15 minutes, without putting undue strain on the personnel or resources in the emergency department or trauma bay. The majority of the available evidence in the literature points to associated nerve and tendon injuries as the cause of morbidity following forearm injury with arterial bleeding. [1] [2] [3] [4] [5] [6] Gelberman et al 6 reported a 47% patency rate after single artery repair at a minimum 6-month follow-up, but no patient with nonpatency had adverse symptoms unless there had been an associated nerve injury. 6 They also reported that 27 patients who were treated within 36 hours of injury had comparable results, but 7 patients who were treated between 8 days to 8 months after injury had a significantly lower patency rate of 28.5%. More recently, patency rates of up to 74.5% were reported for radial and/or ulnar artery repair. 7 Lee et al 4 reported an 85.7% overall patency rate after arterial repair at the forearm level, but only 49.2% of the patients regained their preinjury level of function. This was not due to arterial injury but because of associated nerve (56.1%) and tendon (54.5%) injuries. 4 De Witte et al 8 reported 6 patients with distal radius fracture along with 1 artery insufficiency where 3 patients with no arterial repair did equally well compared with the patients who had their vessels repaired or reconstructed with vein graft. Although no long-term followup was available, Borman et al 5 reported a 93% patency rate on arterial repair, but 49% of their patients had nerve deficits at discharge and 27% had serious functional limitations. Therefore, the treatment strategy should be aimed at addressing the issues that ultimately affect the clinical outcome of these patients, notably the nerve and tendon repairs, rather than the more immediately apparent arterial bleeding, especially if the distal limb is well perfused.
Typically, there is no added cost at Level I trauma centers in terms of adding on these cases emergently because most of the centers have in-house OR personnel and an anesthesia team. However, even the most well-funded Level I trauma centers do not have multiple teams in-house overnight. If these cases are unnecessarily added on as urgent and delay other more emergent cases, such as an emergent fasciotomy for compartment syndrome, compromised free flap, or epidural hematoma, the negative effect on overall patient care is potentially great, albeit difficult to quantify.
The current study was performed at a Level I trauma center where estimated average OR cost is approximately $900 per hour based on the institutional operating data. For group 1 patients who were taken to the OR within 6 hours, an average of 2.8 hours were spent in the OR, costing an average of $2520, compared with an average of 1.7 hours for group 2 patients, costing an average of $1530. Although it is not entirely clear what accounts for this average difference in OR time because the numbers and types of procedures performed were similar in the 2 groups, one can postulate that having a staff familiar with these procedures during normal business hours could have played a role in reducing the OR time. There are 190 Level I trauma centers in the United States, 9 which estimates similar cases occurring nationally at approximately 3247 cases per year. Appropriately triaging and better using OR resources can potentially result in a cost reduction of $3,247,000 annually based on these numbers. This economic effect would be even higher if there is no Level I hospital available, and these cases were added on in the community hospital setting where OR personnel usually need to be called in during the off hours, in addition to the immeasurable cost of delay of truly emergent cases.
All patients in the current study stayed in the hospital for 3 days, except for 2 patients in group 2. One of the patients was discharged on day 2 per patient request and was added on to the elective schedule the next day at the outpatient surgery center, and the other patient was discharged after being monitored in the emergency department and was subsequently added on as an elective case on clinic follow-up. Although it is not the authors' recommendation to discharge these patients without taking these patients to the OR during the same hospital visit for many reasons, including reliability of follow-up, the patients who were taken to the OR emergently did not have a shorter hospital stay compared with the patients who were taken to the OR semiurgently.
The current study has several limitations. No causal relationship can be established on the findings based on retrospective review. The authors' power analysis demonstrated that the study was underpowered to detect a significant difference in patient-reported outcome. The authors made several generalizing assumptions to estimate the economic cost of additional OR time because exact data were not readily available. Although the authors confirmed the patency of repaired vessels with palpable pulse, imaging studies such as duplex ultrasound were not performed to rule out thrombosis. This can be a major limitation if the main focus of the current study were to evaluate the postoperative arterial patency in this setting. However, none of the authors' patients reported nonpatencyrelated complications, and available literature suggests that nonpatency does not affect functional outcome. It is possible that some of the study's patients clotted off the repair, but the focus of the study was to evaluate clinical outcome based on timing of the repair, not postoperative patency. This can bring up the question of whether to repair these arterial injuries at all, but this is out of the scope of the current study.
conclusion
The results of the current study demonstrate no adverse effects when managing forearm arterial injuries in a semiurgent manner for carefully selected patients. The authors present greater than 1-year followup of functional and patient-reported outcomes on these injuries with equivalent outcomes. Potential economic benefits of semiurgent surgery are also sufficiently demonstrated to consider future studies with more robust data. The issue of shorter OR time for semiurgent cases compared with emergent cases should be further evaluated. In the setting of the noncritical arterial injury, exploration should be done for the other associated injuries rather than the arterial injury itself. Whether to repair these arterial injuries at all is a topic of another discussion, but the focus of the current study was to show that an urgent trip to the OR due to these arterial injuries is not warranted. The authors hope that these data provide a foundation for educating emergency department and general trauma colleagues on single-vessel arterial laceration and thus result in more efficient and timely consults to hand surgery services when these injuries are present.
In the setting of a single-vessel forearm arterial injury with a well-perfused distal limb, careful evaluation and monitoring of patients along with semiurgent operative repair is feasible, has no documented adverse effects, and may improve certain aspects of patient care and hospital resource use.
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